FOR MANY YEARS the cultivation of grapes for the production of grape juice has been an industry of large and growing proportions, and with the increasing popularity of the juice as a beverage the industry has received added impetus. In the process of preparing the juice for market large quantities of stems and pomace result, which at present are practically waste material. In several publications of the United States Department of Agriculture (13, 14, 15, 16) 2 it has been shown that in preparing products for market from such fruits as cherries, raisins, peaches, apricots, and tomatoes the waste resulting from the various processes is capa- 1 The writers wish to express their thanks to Mr. J. D. Mclntyre, Chemical Laboratorian of the Office of Drug, Poisonous, and Oil Plant Investigations, for valuable assist- ance rendered during the course of this investigation. 2 The serial numbers in parentheses refer to " Literature cited " at the end of this:
bulletin.
30842°-21 1 ble of being converted into products of considerable value. The waste resulting from the grape-juice industry offers like possibilities.
ACCUMULATION AND PRESENT DISPOSAL OF GRAPE WASTE.
In the manufacture of grape juice the grapes are first passed through a so-called stemmer, which removes the stems and discharges them to a conveyor or chute, which in turn carries them to the dump heap as waste ( fig. 1 ). Immediately following this operation, the grapes, more or less crushed, are heated to about 14:0°or 145°F., thoroughly agitated to insure homogeneit} 7 of the mass, then wrapped in heavy press cloths and placed in hydraulic presses between wooden racks. After the juice has been pressed out the pomace which remains in the cloths is approximately 1 inch in thickness and 4 feet square. This pomace, stripped of the cloths, is discharged to conveyors, which usually carry it also to the dump heap ( fig. 2) .
The pomace has been used in a small way for fertilizer purposes and to a limited extent by vinegar manufacturers. It has been used by some to make a second or low grade grape juice by soaking with water and pressing again and has also been fermented into wine.
The water extract of the pomace has been used to flavor jelly.
Commercial interests in the United States have given some attention to the disposal of grape waste with a view to its profitable utilization, but thus far no complete utilization of both stems and pomace has resulted from the attempts made, and the disposal of this waste is at present an item of expense rather than one of profit.
In some other countries considerable attention has been given to the utilization of grape residues resulting from the wine industry. In 1907 Semichon (18) Daza (4) and Disdier (5) patented processes in 1914 for treating grape marc for the production of various useful products, such as oil, alcohol, tannin, and potassium bitartrate. Further work of similar nature on the utilization of grape residues is mentioned by De Saporta (17) and Matignon (8) .
During the war Kling ( In 191G Monti (10) reported a process for extracting grape pomace.
During the same year a statement was made (11) to the effect that grape seed can be used as a fodder, but apparently only for sheep.
It is also noted that the Austrian Ministry of Commerce (1) called attention to the use of grape seed as a raw material for the production of oil, oil cake, and meal, the latter to be used as a stock food.
In 1917 Matignon and Marchal (9) , in addition to investigating grape pulp for fertilizer and food value, called attention to the possible fuel value of this waste, which, from the wine industry of France, would be equivalent to 160,000 tons of coal. In 1918 Ventre (20) Grape jelly now appears on the market in three forms: (1) Pure grape jelly, made from the whole grapes; (2) hopper, where a horizontal rotating screw carries the charge forward and subjects it to great pressure by discharging it over a cone in the throat of the horizontal barrel containing the charge and screw. The oil drips from openings in the barrel and the cake or chips are discharged from the throat.
Owing to the comparatively low oil content of the seed (13 per cent) and also to the very hard seed coat, which tends to cause excessive wear on the expeller, it is desirable that the seed be first decorticated. Thus, a large part of the hard hulls may be removed and the oil content of the kernels be more readily obtained. The resulting cake has also a much lower fiber content than if the whole seeds were passed through the expeller.
In the laboratory a successful decortication was effected by passing the seed through a vertical-plate mill set for medium to coarse grinding.
The ground mass of seeds was then passed through a rotary sifter (of the flour-sifter type) fitted with Xo. 20 Such a solvent-extraction plant is shown in figure 10 . The crude grape-seed oil which was obtained by this method was refined and yielded an oil equal in quality to that obtained by pressure.
It will readily be recognized that each of these methods has both advantages and disadvantages. The solvent-extraction method produces a greater total yield of oil than the pressure method, but the oil cake resulting from the pressure method possesses valuable stockfeeding qualities which would enable it to be sold to better advantage than the resulting meal from the solvent extraction. The latter contains a large percentage of fiber, which practically precludes its use as a feeding material, and it could be used only as a fertilizer.
EXTRACTING TANNIN FROM THE HULLS.
The astringency of grape seeds is well known. This is due to the tannin in the hulls, which is present to such an extent as to affect unfavorably the stock-feeding value.
In order to determine the quantity of tannin obtainable from the hulls the ground hulls were macerated with water at 35°t o 40°C . for mimnwrimnwiwriwmiwwunwwrvii Fig. 10 Since it was deemed more practicable to assemble the waste material at some utilization center and there work it up into merchantable products, several widely separated points were selected which would represent the maximum range of ready-assembling stations, and also their importance from the standpoint of working up waste materials from other industries. Table II 
